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•  Disease	
  heterogeneity:	
  locaBon,	
  locaBon,	
  locaBon	
  
in	
  acute	
  brain	
  injury	
  (especially	
  stroke)	
  

•  Disease	
  evolu,on:	
  temporal	
  phases	
  of	
  damage	
  and	
  
repair	
  in	
  acute	
  CNS	
  injury	
  

•  Pre-­‐clinical	
  and	
  clinical	
  outcome	
  measures:	
  
matching	
  rodent	
  and	
  human	
  recovery	
  indices	
  

•  Ac,vity	
  of	
  the	
  pa,ent	
  in	
  clinical	
  trials	
  of	
  neural	
  
repair	
  

Key	
  Clinical	
  Transla,onal	
  Issues	
  in	
  Cell	
  Therapy	
  
for	
  Central	
  Nervous	
  System	
  Disease	
  



Disease	
  Heterogeneity	
  
•  Stroke	
  occurs	
  in	
  many	
  different	
  brain	
  areas	
  
•  Damage	
  disrupts	
  different	
  primary	
  funcBonal	
  regions,	
  and	
  
indirectly	
  disconnects	
  disBnct	
  circuits	
  

•  Certain	
  funcBons	
  are	
  more	
  difficult	
  to	
  measure	
  in	
  clinical	
  
outcome	
  

•  Sensorimotor	
  funcBons	
  are	
  only	
  ones	
  well	
  represented	
  in	
  
rodents	
  

•  Sum	
  total	
  of	
  these	
  limitaBons	
  is	
  that	
  clinical	
  trials	
  need	
  to	
  focus	
  
on	
  stroke	
  that	
  produces	
  deficits	
  and	
  occurs	
  in	
  locaBons	
  that	
  are	
  
supported	
  by	
  pre-­‐clinical	
  modeling	
  

•  For	
  most	
  stroke	
  work	
  this	
  means	
  Middle	
  Cerebral	
  Artery	
  territory	
  
infarcts	
  that	
  are	
  centered	
  in	
  the	
  striatum/basal	
  ganglia	
  

•  Fortunately	
  this	
  is	
  	
  approx	
  40%	
  of	
  all	
  human	
  stroke	
  



Disease	
  Evolu,on	
  
Goal:	
  want	
  to	
  target	
  the	
  CNS	
  disease	
  when	
  prospecBve	
  therapy	
  is	
  

	
  likely	
  to	
  have	
  its	
  maximal	
  effect	
  

Total	
  Neurological	
  Recovery	
   	
  Limb	
  Recovery	
  

Language	
  Recovery	
  

80%	
  of	
  stroke	
  recovery	
  occurs	
  by	
  one	
  month	
  
95%	
  of	
  stroke	
  recovery	
  occurs	
  by	
  3	
  months	
  
most	
  of	
  the	
  variance	
  (up	
  to	
  86%)	
  in	
  stroke	
  recovery	
  is	
  accounted	
  for	
  aZer	
  the	
  first	
  30	
  days	
  
Gains	
  do	
  occur	
  in	
  chronic	
  stroke,	
  but	
  they	
  are	
  smaller	
  (1/10)	
  and	
  require	
  much	
  greater	
  effort	
  



4	
  weeks	
  

ReacBve	
  Astrocytosis	
  

Neuronal	
  RegeneraBon	
  Program	
  
-­‐ -­‐-­‐InducBon	
  

Neuronal	
  RegeneraBon	
  Program	
  
-­‐ -­‐Maintenance	
  

Timeline	
  of	
  Stroke	
  
from	
  Damage	
  to	
  Repair	
  

The	
  pre-­‐clinical	
  evidence	
  from	
  most	
  studies	
  of	
  cellular	
  therapies	
  
in	
  stroke	
  is	
  that	
  they	
  modify	
  processes	
  of	
  neural	
  repair:	
  
angiogenesis,	
  neurogenesis,	
  formaBon	
  of	
  new	
  connecBons,	
  
inflammaBon	
  

angiogenesis	
  

Spectrum	
  of	
  Injury	
  to	
  Benefit	
  in	
  ExcitaBon	
   Clarkson	
  et	
  al	
  Nature	
  2010,	
  J	
  Neurosci	
  2011	
  



Pre-­‐Clinical	
  and	
  Clinical	
  Outcome	
  
Measures	
  

Principles:	
  
•  Linearity	
  
• Matching	
  funcBons	
  
• Measuring	
  impairments	
  



Linearity	
  
Problem	
  with	
  pre-­‐clinical	
  studies:	
  mNSS	
  

Hicks	
  et	
  al	
  Cell	
  Stem	
  Cell	
  2009	
  



Matching	
  Func,ons	
  

Linear	
  measures	
  of	
  rodent	
  sensorimotor	
  funcBon	
  to	
  
linear	
  measures	
  of	
  human	
  sensorimotor	
  funcBon	
  

Grid	
  walking,	
  ‘Cat	
  Walk	
  test’	
  to	
  comfortable	
  gait	
  test	
  
Cylinder,	
  grid	
  walking,	
  vibrissal-­‐paw,reach	
  or	
  distal	
  
limb	
  control	
  to	
  Fugl	
  Meyer,	
  ARAT,	
  Wolf	
  Motor	
  
FuncBon	
  Tests	
  



Measuring	
  Impairments,	
  
and	
  not	
  disabili,es	
  

Cell	
  therapies	
  in	
  pre-­‐clinical	
  trials	
  produce	
  improvements	
  in	
  
specific	
  aspects	
  of	
  sensory	
  funcBon,	
  motor	
  control	
  or	
  
sensorimotor	
  integraBon	
  

A	
  disability	
  (vs.	
  impairment)	
  scale	
  catches	
  none	
  of	
  this.	
  

•  Good	
  inter-­‐rater	
  reliability,	
  strong	
  
test-­‐re-­‐test	
  reliability,	
  good	
  
construct	
  validity	
  (for	
  acute	
  stroke)	
  

•  Terrible	
  ability	
  to	
  detect	
  elements	
  
of	
  recovery,	
  relate	
  to	
  pre-­‐clinical	
  
data,	
  resolve	
  compensaBon	
  vs.	
  
recovery	
  



Ac,vity	
  of	
  the	
  Pa,ent	
  
•  Unlike	
  any	
  other	
  organ	
  system,	
  CNS	
  plasBcity	
  and	
  
recovery	
  are	
  directly	
  related	
  to	
  behavioral	
  acBvity	
  of	
  the	
  
paBent	
  

•  Physical	
  acBvity	
  (in	
  neurorehabilitaBon)	
  has	
  a	
  dose	
  effect	
  
•  Several	
  clinical	
  trials	
  in	
  stroke	
  and	
  spinal	
  cord	
  injury	
  
showed	
  no	
  improvement	
  compared	
  with	
  very	
  good	
  rehab	
  
(LEAPS,	
  MIT	
  robot,	
  SCILT	
  [body	
  weight	
  treadmill	
  training	
  
in	
  spinal	
  cord	
  injury])	
  

•  Chronic	
  stroke	
  paBents	
  can	
  exhibit	
  a	
  limited	
  recovery	
  to	
  
neurorehab	
  alone	
  (note	
  that	
  this	
  is	
  not	
  detectable	
  in	
  mRS)	
  

•  Pre-­‐clinical	
  evidence	
  for	
  “training	
  the	
  transplant”	
  	
  



Pre-­‐Clinical	
  
Modeling	
  

Clinical	
  Trial	
  
Design	
  

Timing	
  of	
  
Interven,on	
  and	
  

Control	
  of	
  
Neurorehabilita,on	
  

Rodent	
   Trial	
  

Pa,ent	
  


